Magnetically levitated vehicles are supposed to be very useful to contribute environmental problems and traffic congestions in heart of a city. And energy saving control is desirable for magnetically levitated vehicles (MAGLEV). Hybrid magnets controlled with zero power control system was able to reduce the exciting power. But such a conventional system needed to feed bipolar current and then the excitation system was complicated.
In this paper, we propose a new type magnetically levitated system to achieve simple excitation system; a hybrid magnet with permanent magnets and divided iron cores was made. This system needed only two IGBTs per magnet and contributed cost advantage. Fig. 1 shows two poles of a hybrid magnet with divided iron core we proposed. The magnet was a salient-pole type magnet and the poles were placed in two rows. The broken lines in this figure show the direction of the magnetic flux path.
Each pole of the iron cores was equipped with the coil to control both levitation force and lateral damping force. The mutual inductance between the left coil and the right coil was so small that each of the coils was able to be controlled respectively without mutual affection. The coil of one side of the divided iron cores were excited with a direct current driver so as to produce the same polarity as the permanent magnet and the others were excited to produce the Parameters of the experimental equipment were as follows; the number of turns per coil was 160, the thickness of the permanent magnets was 3 mm, the mass of the levitation part was 5.8 kg. Fig. 2 shows the experimental result of a response to disturbance in the case of small bias current. In steady state, the mean current of each coil was very small and each coil was controlled in proportion to the air gap length and its rate of change caused by the disturbance. For example, in steady state the air gap changed by disturbance, the exciting current of coil A was increased to keep the constant air gap. On the other hand, the exciting current of coil B is controlled to decrease in proportional to the air gap displacement. Voltage of DC source is 20 V and consumption power was about 2 W and steady state gap was 10.5 mm.
According to our test result, the levitating energy consumption was very small in steady state. The levitation part was able to start levitating from both upper and lower touch-down positions. 
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Energy saving control is desirable for magnetically levitated (MAGLEV) vehicles. Hybrid magnets controlled with zero power control system was able to reduce the exciting power. But such a conventional system needed to feed bipolar current and then the excitation system was complicated. To achieve a simple excitation system, a hybrid magnet with permanent magnets and divided cores was made. The magnet was a salient-pole type magnet and the poles were placed in two rows. Each pole of the iron cores was equipped with a coil to control both levitation force and lateral damping force. The coils of one side of the divided core were excited with a direct current driver so as to produce the same polarity as the permanent magnet and the others were excited the opposite polarity. The two sets of the coils were excited with direct current drivers each of which had one IGBT. The system needed only two IGBTs per magnet while the conventional zero power systems needed four IGBTs per magnet. According to our test results, the energy consumption was very small and the levitation part was able to start levitating from both upper and lower touch-down positions. In this paper, the characteristics of the proposed excitation system are shown.
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